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(57) Abstract: A hydrogen circulation device 4 circulates unused hydrogen gas, expelled from an outlet of a hydrogen electrode la 
of a fuel cell 1, to an inlet of the hydrogen electrode la through a hydrogen gas circulation passage 3. If load of a hydrogen circulation 
device 4 detected by a load detector 7 exceeds a given value, a pUrge valve controller 8 discrimiriates; that a quantity of nitrogen 
accumulated in a hydrogen circulation path (la. 3. 4) exceeds a given value, to open the purge valve while closing the purge valve 6 
in the presence of judgment made, when the load of the hydrogen circulation device 4 drops below the given value, that purging of 
nitrogen is terminate^. 
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PKSqEOPTION \ 
■ FUEh CELL SYSTEM ^- . 

The present myentipn relates to fiiel cell systems and, more partipu^ to a fuel cell 
system' equipped for reciroulatiOn 

siip^U^ Sft^ J^^^ 

bxygeii wiitMi^ to papse ^l^chcbchem reaction to pcpur Iot^^^ 

taking put electrical ene^^ ficom electrodes formed on both surfaces of the elc^ctrolyte. 
JB$peqa^ celj Using a solid ppl}^^ is Ipw m pper^ti^ 

.tempierati^ 

aa iSr ^n i^l^ate d resulting 

^ fliefonn^ an e?:^^^ pn 

sudii a$ a high pressibe hydrbg tank, a Uqmd hydrogen t5u^ aud a hycfopgen absorbing 
aUpy^;is insM a fuel cell to which oxygen cdptainm 

fed for reELCtipn tp take out ^^^e^^^ the fiiel QeU to driy^ a molbr 

connected tp jd^ ; : vi: 

in order to humdi^ hydjbgep tp jmj^ sl performayaoe of geri elephiq 
power, ac^^prding to the conventional system with solid jpolymer fuel cells, in which 
bjrdjrogen gaS is usod as fiiel, the system includes a hydrogen circulation system in ; 
which hydrogen to be ajnsuiued fpt generating eleSbtric power is $uppUed throuj^ ail 
halet of a hydrogen elebtrode in exdjs^ss of the quality of hyd^^ unus^ hydrogen 

gas, expelled from bjx outtist of electrode, is circulated to the mlet of the 

hydrogen electrode agiain. 

with the fuel cell equipped with such a hydrogfen circulation system, impurities 
which is contained in supplied hydrogeh gas, and nittogen g^^ is contampd m ak 

leaked frpm the oxidant electrode via ttie electrolyte aopmiiulate in the hydrogen 
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drcolatiOii system* In this case, if the quantity of nitrogen accuniulated in the hydrogen 
circulation system incire^es in excess, the fuel cell suffers from deterioration, and 
therefore purging is executed to dischiarge the impurities, such as nitrogen, accumulated 
in the, hydrogen circiilation system to the outside of the system. 

Japanese Patent Publicatioii No. 2002^231293 (bn Page 5 and in FIG 1) shows 
conventional purging technologies. According ^^t^^^^ such technology, a purge valve is 
con^troUed so that being opened at predeternun 

\ Howevetj due to the operation of caiiTing out tlie purjging at given liine intervals 
without depending upbn the amount of nitrogen accumulated in the hydrogen 
drculatibn system^ the related art technology set. forth alDoye encduriters an issue in 
which undesfeed dischiEdrgmg of hydrogen gas fiom the hydrogen circulation systeni 
takes place with resultant detfeiiora^ in a fuel cbilservinig peifprmance.of the fuel cell. 

iMSGLOSUM OFIN^^ 

To address the above issues, the present invention provides a fuel cell system which 
coMpiises a^fuel^ having a hydrbgbn electrode and an oxidant electrode 

supplied with hydrogei gas and oxidant gas, respectively, for generating electric power, 
a hydrogen siipply pas^^ supplying the hydrbgien giaS to an iiilet of the hydrogen 
electrode^ a hydrogen circulation passage circulating exhaust hydrogen gas expelled 
from ail outlet bf the hydrogen elecixbdb elbctrode, a 

hydrogen circuiatibn device thfpug^ the exhaust hydrogeii is circulated, a purjge 

paissage diischargiliig the exhaust hydrogen gas expelled from at least one of the outlet of 
the hydtogen electrbde and the hydrogen circulation passage to an outiside, a purge 
valve Opening or closing the purge passage, and a purge valve controller controlling to 
open or close the purge valve depending upon at least one of load of and rotational 
speed of the hydrogeii circulatibn device. - 

- • 

BRIEF DESCRnnriOND^^ 

FIG. 1 is a systeni structural view illustrating a stracture of a fuel cell system of a first 
embodiment of the present invention. , 
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FIG 2 lis a flowchart iUustraling how q)ntrdl is executed in the first eiribodiment. 

FIG 3A is :a view iUiistrating the relationship between a quantity of nitrogen 
adcuinulated in a hydrogen circulat^^ hydrogen-ckajia^^ 
• the fibnst eiB^pdii^^ •i'v-.' . .v^ ;•^^:v::^v'■^./;^r;:;:^ y:r'v-;"- .- 

HG 3B is a Mew iU^ thje; nitrogen 

accumulated i^^ hydrqgen cif cnUatipn p a yoltag^ of ja fuel w at constant 

lk}wer ou^Ut thereof in 

FIG 4 is a yiew^^ the relatipnihip between load hydrogen dreulation dpyi 

and the voltage of the fuel cell at constant p^^ ihe fira 

^ ; FIG 5 is a vi^ iUusbrating viiria^^ of acciu^ 

: of Ci^^ : i ; V ^ >, i 

^'^^^ i^G 6 iis alsyste^ view lUiU a fuel syst^ of :a: : 

^second embbd^ present inyei^ -ilJ.^^/: . \ : "t • ^ : U>^^^ 

• FIG 7 is a main fl(^^ second 
'eiiibbdii^^ \' ■■■_[■' -y-^. ^ :\' 

• FICi v8i is 2f d^Btailed^^^j^^ iUustxat^ jn^ lhe ;s(?q3^ 
:embpdj|m!^ 'i- y ■ '^ V v^ . ; i "v;'^-. ■ " f • 

^ FIG 9 vsr\^: dirtafled flpwch xim^^ jus jp^^ the sepcmd 

'^it^diinent.';; ■ .■•'•./:•., i ^-.c: ' ■ _...iv-:'.-V- 

; FIG^IO is a view iUuslxati^ a given value in discri^^ to 

exeaitepxirgip ^ . v 

FIG 11 is a system structural view iUiisfrating a structure of a fuel jceU system of a 

third, ena^bpdhn.e^^ 

:-I5G 12 ;is a detailed ;fl6^yi^^ .m the third 

; FljfJ 13 is a view iUustrating a nib^^ WSj54 ^ the 

. ihird embod^^ : • ^ \ 

FIG 14 is a detailed flowchart iUustrating how \x)ntrol is ex0puted in the third 
embodiment. 

FIG 15 is a view illustrating a nitrpgen-qiiantity judgment value . in the third 
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embodiment. - 

FlCt 16 is a system structural view illiisttating a structure of a fuel cell system of a 
fourth embodiment of the present invention. 

FIQ 17 is a flowchart illustrating how control is executed in the fourth embodiment. 
5 FIG 18 is a timing chart illustrating how control is executed in the fourth 

embodiment 

: FICi 19 is a system structural view illtistratuig a structure of a fuel cell system of a 
fifth embodiment of the present invention. 

FIG 20 is a view illustrating the relationship between a target rotational speed and the 
10 quiantity pfftiel cell power ou^ut in the ffith embodiment, 

FIG 21 is a flowchart Uliistratinjg how control is executed in the fifth erabodimeht. 
. -FIG-r22:4s a view illustrating the relatioiiship between, thp target rbtationial speed and 
target load in the 

FIG 23 is a flowchart illustrating how control is executed in the fiftt embodiment. 
15 FIG 24 is a flowchart illustrating how control is executed in the fifth eihbodiment. 

FIG 25 is a view illustrating a given value for use in load judgment in the fifth 
end^pdimeht - 

FIG 26 is a system structural view lUustratiiig a stincture of a fuel cell systeni of a 
sixth embodiidGient of the present invention. 
20 FIG 27 is a schematic flowchart illustrating how control is executed in the sixth 

embodiment. , 

FIG 28 is a flowchart illustrating how control is executed in the sixth embodiiiient. 
FIG 29 is a timing chart illustrating how control is executed in the sixth embodiment. 
FIG 30 is a view illustrating a learning area table to be used in the sixth embodiment. 
25 FIG 31 is a view illustrating a stack* voltage table for use in control of the sixth 

embpdimeiit 

FIG 32 is a view illustrating a load-incremeiitrby-area leaciied value table for use in 
control of the sixth embodiment. 

FIG 33 is a view illustrating a status indicative of how load of the hydrogen 
30 circulation device is learned in the sixth embodiment. 
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FlCX 34 is a flowchart illiistrating how control is e2:ecute4 in the sixth embodiment. 
W0^ 35 is a flpwchah illustrating hbw control is executed in the sixth embodiment. 
FTG. 36 is a flowchart illustrating ho# control is execute^ in the ;§ixth embodi^ 
FIG. 37 is a view illustrating a method of ref erring to a leaned value in the sixth 
embodirdent.; -r'^. 

FIG. 38 is a flowchart iUustrating liow confrolis exerate^^^ in tlie sirth embbdim 

FIG. 39 is a system structurd view iU strucliifp o| a fuel qell system of a 

seveBiheni^ ^^^^^^^^'^^^ ■ ' ^ ' 

V vriG::4p is i^flpwch^rt illusi^ 
FlCi 41 is a system sfrubt^^ a stnipttup of a pxpl cell system of an 

ajght^ ' \ ' ; " ^ ' 

^ : FIG 42 is a flowchart rffl in the eightli emb^^ 

;^ OFIG 4$ is a system-stnicti^ iUuslrating a structure b^^ 6f a 
nijdth e^ of the jpre^en^ ii^ 

pressure ai^ 

iiiteijM 

FIG 45 j^s a view hlukiratiiig th^ r^elatiQiju^M^^^^ bptween ii^temjW ' pressure of the 

KydrOgen / circulation : 4ovice and : load 6^^ m^ t^^^ ninth 
enibo4inaLeiit^. ■ ': \[ /'-.y • r'-'^ ^ 

FIG 46 is a system^ ceU system of a 

tenth embodi^^ < :':-l>-:'-^^['-':'r::-\ 

FIG 47 is a view ttlustrating t^^^ relationslup b ambient temjperature aiid steam, 
partisd pressiure in the tenth em^^ 

FIG 4i8 i$ 'a vieW iUustrat^ steam psurti^^^^ 

of thiehyckp^enck^ V ; ' 

BIEST MOPE FOR GA^ 

With reference to drawings, embodiments of the present inyentibn are described in 
detiail. Vv 

CFirst Embodiment!) 
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With reference t6 FIG 1, a fuel cell system 100 of a first embodiment according to the 
present invention will be. described below. As shown in FIG 1, the fuel cell system 100 
is comprised of a fuel cpll 1 having a hydrogen electrode la and an oxidant electrode lb, 
a hydrogen gas supply passage 2 through which hydrogen is supplied to the hydrogen 
electrode la, a hydrogen gas circulation passage 3 forming a piath through which 
hydrogen gas is circulated from an outlet of the hydrogen electrode la to an inlet thereof, 
a hydrogen circulation devicef 4 including a pump that circulates hydrogen gas from the 
outlet of the hydrogen electi^dide la to the inlet thereof through the hydrogen circulation 
passage 3, a purge palsisagfe 5 tihffough which the hydrogen g^ circiilatidh passage 3 is in 
conunuidcation with the outside, a purge valve 6 that opens or closes the purge passage 
5 j a load detector 7 that detects load df the'hydrogeh cirfctriatioh device 4, and a purge 
valve controller 8 that controls to open or close the p^ 6. 

; " 'p&e 4 based on torque 

detected by a torque sensor, and electric power consumption and electric current 

:cdnsunq)tibii of the hydrogen dbrculation device.4,^ a detected yajue is outputted to 
the ptoge Vadve cbhtroUCT 

Although, there are many configuration of the controller 8, for example, in the 
presently filed embodiment, the purge valve controller 8 is comprised of a 

microprocessor including a CiPU, a ROM that stores programs and control constants, a 
RAM for processing, and an I/O interface. Additionally, the load detector 7 (an input 
unit) Mid the purge yalve 6 (an output unit) are connected to the controller 8 
accordingly. 

Substantially, referring to FIGS, 2 to 5, the operation of tiiie purge yalye controller 8 is 
described. 

In FIQ 2, in step (hereinafter, step is abbreviated as S) Ij the load of the hydrogen 
chculation device 4 resulting froin the load detector 7 is inputted to the. purge valve 
controller 8. In next S2, discrhnination is made tp find whether a detected load of the 
hydrogen circulation device 4 being controlled to rotate at a fixed speed, exceeds a 
given value. In jparticular, the hydrogen circulation means (such as a pump), not shown, 
constituting the hydrogen circulation device 4 is m controlled to rotate at the fixed 
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speed. Since hydrqgeri is lighter thaci nitrogen, the load under which the hydrogen 
citrc?iaatiofl de 4 is rotated ai i^^ is small if a quantity of hydrogen is 

greater thiaA that of nitrogen in :&e hydrogen ckculat;pn pa$^^ and onjflie cpntraiy, ^ 
the load under which the hydrogbn circmlatipn device 4 is 'rotated a^ the :&;ed speed is 
large if the quantity of nitiogen is greater than that pf hydrogen. Therefore, measiiring 
the load of the hydrogen dbx^atip^ device 4 envies th^ quantities of tydroge^^ 
nitrogen presen^^ 

\ 4 pt giyen value, then 

judgmbnt is a qUaiti^^^ 

, systkii as ijeached tp a that nieecls tp be purged ismd pp^^atioii is^joiite^^ 
tifc piirgq^l^ ^^^^ gjyen virtu^^ 

operation is routed txj^ 6;is kept^^ • ■ --^ 

: Herei th^ giyeri vaiue^^^^f^ noLanrier 
described belovi^oA^ there is a - tendency m that as the quantity of 

Stutrogepi^^ t^ is large ja^m l^-- 
th^ hyii^ pa3S?Lg? Ji^^a^ 

coSQLpdnenf p refeaxed to iii OT 

th^^jiud^ of Vir^ rptatmg^ 
certainsjp^ * ? - 

On thfc cohtfary^ as shown in RG 3B, as the quagatity of nifrpgen acx:qir;i^^^ the/ 
hydrpgeri electop and the Jiydrpg^ passage;^ 3 increaLses, generally, 

shortage pccurs in the quantity of hydrogen supplied to an electrolyte mfeiiibrane of the 
hydrogen electipde la, re^ autiutput VoU fuel ppll. - ' ^ 

iiie.;Triatiohsh^ foxQi '?J?pve^ is cpor^ ias 5hpwn in FIG 4/ 
^ under^ 

cert^ jud^eiit\A^^ droixs. 

By using the Ipad on the hydrogen ciyculatip^ the quantity of 

accumulated itiittogen lies at a ininimal value 4s a ref erenfee, a mioinial fuel cell voltage 
that can be allowable in operation in the presently filed embpdiment. is determined. 
Subsequently, in View of the relatipnslup shown in HG 4, operation is executed to 
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obtain load of the hydrogen circulation device 4 associated with a resulting voltage level 
of the ftiel cell, and the resulting load of the hydrogen circulation device 4 is set to be a 
giveii value (a load judgment given V 

Also, as sho\yn in FIG 5, in general, as the operation of the fuel cell i is continued to 
generate electric power with the purge valve 6 remaining closed, nitrogen continues to 
accumulate in the hydrogen electrode la. For this reason^ taking records of the fuel cell 
voltage and load of the hydrogen circulation device 4 with the purge valve 6 reamining 
dosed cm obtain the relationship shown in 

. Witi the presently filed eiiibbdiinent; since purging is executed depending upon the 
amount of iiitrdgen which is adctimulated inside the hydrogen circulation passage 3, 
lind^ired number of times fbr purging to be executed is reduced and wasteful discharge' . 
of fuel coniposed of %drogen gas cm be^^protecte^^ enabling the fdel cell to have an - 
improved fuel saving perfori^ V -r^c^i^igy^v^rv > 

CiSecond EmbodiinentD 
:^ ^0^^ FIG 6/ a fuel cell system lOOA of a second embodiment of the present ; 

Hiveiitibn is described. As shown in FIG 6, the fuel cell system lOOA is comprised of 
the fuel cell 1 having the hydrogen electrode la and the osddant electrode lb, the 
hydrogen gas siipply jjaussage 2 thrbugh which hydrogen is supplied to the hydrogen 
electrode la, the hydrogen gas db:cula:tidn passage 3 foilning the path through which 
hydrogen gas is circulated ftom the diitlet of the hydrogen electrode la to the inlet 
thereof, the hydrogen circulation device 4 including the. pump that circulates hydrogen 
gas from the outlet of the hydrogen electrode la to the inlet thereof through the 
hydrogen circulation passage 3, the purge, passage 5 through which the hydrogen gas 
circulation passage 3 is in coirimunicatipn with the outside, the purge V£dve 6 that opens 
or closes the purge passage 5, the load detedtor 7 that detects load of the hydrogen 
chculation device 4, and a ipurge valve controller 8A that controls to open or close the 
purge valve 6. 

The load detector 7 detects load of the hydrogen circulation device 4 in terms of 
torque detected by the torque sensor, and electric power consumption arid electric 
current consumption of the hydrogen circulation device 4, and the detected value is. 
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butputted to the purge valve coi^^ 

Thb purge valve cxintiroller 8A is comprised of a purge start control section 9 that 
controls a timing at which the purge valve 6 13 opened, a purge end control sec 
that controls a tiioing^^a^ valve 6 is closed, and si commas 

section 11 that selects Which of the purge start control section 9 or the i)urge |&nd control 
sediion 10 is to be acti^^ 

: ^ of the : qonteqU^^ in the 

presenfly ffl <>a5LfroHer 8A cpmprised of a 

microprodessor a XIi>U; a ROM that stores program^ a^ c^nistant?, a 

RAM fpr proipess an I/O int^ifac<e. Additidn^Uy, the load 

unit) ahd tie purge valve 6 (an output li^ Connected to thfe^c^^ 8A 

^^ l^exi^ HGS. 7 to 10, theipjpei^^ 

presently filpd eipoibod^ is described: 

' Sirring to FIG 7^ tl^ jselw?toar 5?cS^^ S7 tp dife^^ 

find whether the purge vglye 6 js opeiied,^ a^^ if the purge vaiy 
routed to §8 the j^iirge start <»iitrbl section 9s; is activated wher 
S7, the purge- valve is open operation is routed to S9 where thp purge ejid control 
. section 10 is ac^^ . v •': • '. . . " 

In case where purgihg is coiiimenced as shown in HG 8, the prngp start 
^ectipii 9 executes to iriptit the Ipfe^ ciroilatipn device 4 detppted 

by the load detector 7 in S7 to the pui^ge valve^^^ succeeding Sl2, 

discnnunation Is mad^ to find whether a detepted /to^ hydrogen circulation^ 

device 4 that is qpitfoll^d td rotate at a fixed speed exppeds a given va^u? 1 
described latej. If the detected load, exceeds the given v^^^^ is; made 

that aquirotity of Iut^9Jge^^ circulation system ha^ reached 

to a level that needs the jpurging to be inade and operation is roiited tp S13, where the 
purge valve 6 is opened. . ;^ 

Further, if in judgment in S12, the detected load is less than the given value, operation 
is roiited to S14 where the purge valve 6 is kept closed. ' 
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Additionally, if the purgiiig is terininated as shown in FIG 9, the purge end control 
section 10 inputs the load of the hydrogen circulation device 4 detected by the load 
detector 7 in S16 to the purge valve controller 8A. In subsequent S17, discrimination is 
made to find whether the detected load of llie hydrogen circulation device 4 that is' 
5 controlled to rotate at the fixed speed is lass than a given value 2 that will bfe described 
later. If the detected load is less than the given value 2, then the purge end control 
section 10 discriminates that the purging of the hydrogen circulation system is 
terminated and operation is routed to S18, where the purge Valve 6 is closed. If 
judgment in !S17 is made that the detected load exceeds the given vialue 2, operation is 
10 routed to S19 arid the purge end control section 10 operates to cause the piirge valve 6 to 
be continuously kept opened* . 
. : Also, in thiei^secqnd embpdm the load of the hydrogen 

v?^'- V . . circulation-deYiQe-4,and the given value 1 and the given value 2 is similar to ttiose of the 
principles shown in FIGS. 3A^ 3B and FlG^4v 
15 An example of technology for setting the given values 1 and 2 is illustrated in PIG. 10. 

/ The given value 1 represents an upper limit of the load of the hydrogen circulation 
device 4 where a drop miargin of the fuel Cfell voltage caused when the load of the 
hydrogen circulatidn device 4 increases is unquestionable, and the given value 2 
represents the load of the hydrojgen circulation device 4 at a minimal level in the 
20 quantity of acciimidated nitroge . . 

With the first embodiment previously set forth above^ only one given value has been 
used for discriminating the load of the hydrogen dirculatibn device 4 with a view to 
executing judgment to find whether to open or close the jpiirge valve 6. However, if only 
one judgment value on which the load of the hydrogen circulation device 4 is 
25 discriminated is used, a probability occurs in that a hunting phenomenon takes place in 
opening or closing . controls of the pittge valve 6 when the load of the hydrogen 
circulation device 4 lies at a value close proximity of the judgment value whereby 
noises occur in operation of the purge valve 6 and deterioration occurs in the purge 
valve 6* 

30 The purge valve controller 8A of the second embodiment is configured to have a 
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' hysteresis on judgment to find wKether to open or close the; purge valve 6 in tenns of 
diSereiitial vidues betw^ the load value (giyen value 1) of ^^^^^^^ 
device 4 upon which judgment is n^^ purge valy^ 6 and the lo^d value 

(given value 2: given value 2 < 
5 : which judgment is liiade to close the purge valve 6^ For tihis reasoii, t^^ second 
embodiment is possible to avoid ^ hunting phenomenon during opening arid closing 
control of the purge valve 6 and to lower operational noises of the purge valve 6, while 
ehab]Uaig protecting the purge valve ,6 fcom dete^ thereof. 

' v' Clilird ;pIDJ50dpb^^ •■ ■■■ ■; --"^ -^v. - ;.• •} v ''^ ■ ' . . ' • ; ■ 

10 • ; Re^^ to t^G 11/ a ipOB^pf present ;, 

i^yetitic^ is 

; ihe fiiet ceB^^ V thb jr^drog^ 4^, ttie^ 

. i? supplied ta^t^^ liydrqgen 

electrode la, the hydrogen gas circulation passage 3 fori^ 
15 ■ hydrogeii gas is circulated frora the outlet of the hydrogen, plectrode la to the inlet 
• >/ thCTW 

; - ^ fr^ of the hydrpj^ the aWet ^erecrf thrpugh^^ 

^ Jbydroj^^ 
qif culaitipri passage 3 is: in cpioMnTm witji the- oi^tside, the ppxgp ysdye 6 tihat o^eiis 
20 or closes the piirge passage 5, the load detibctor 7 that dete^ 

circulatipii device 4, and^^ jpiiqrge valye, cont^^^ that control^ to op^tt 
^^ ■ -" p^rge valv ' ■ ^ . '^ -.u -v..' -.^ 

Tlie load detector? det^ load of the hydrogen dr^^^ terms of ; 

tm^jtie det0<^d by the torque s^ eleptric power poiisunipticm ^ 

25 ciment cdnsumptib^ device 4, and the detected value is 

otitputted tp theipiirge va^^ ; 

The purge valve controller 8B is coinprised of a nitrogen qijantity estimating section 
12 that estimates a quantity of nitfogen present in the, -hydrogen circulation system 
depending upon the load , of the hydrogen circulation devic?e 4 detected by the load 
3 0 detector 7, and a purge operation palculating section 13 that controls whether to open or 
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close the purge valve 8 depending Upon an estimated result of the nitrogen quantity 
estimating section 12. 

Although!, there are many cbiifigjirjatibn of.the controller 8Bi for example, in the 
presently ffled embodiirieiit, the piurge v^ve controller 8B is comprised of a 
inicroprbceisSbf including a (jl*U, a ROM ^at stores programs and control constants, a 
RAM for processing, and an I/O interface: Additionally, the load detector 7 (an input 
unit) and the purge valve 6 (an outjput unit) are connected to the controller SB 
accordingly. 

Referring to FIGS. 12 to 15, the ojperatibn of the purge valve controller 8B of the 
presently jSied embodiment is described. ; 

In FiCl 12, resulting load of the hydrojgen drculation device 4 detected by the load 
detector 7 is inputted4nrS21 to the iitedgen quantity estimating section 12 where in S22, 
the quantity of iici^^ OTrrespprnd^ti the hydrogen 

circtilation device 4 is estimated. In particular, the nitrogen quantity estmatmg section 
12.is possible to derivb an estimated value of the quantity of accuniulated nitrogen from 
a graph (see FIG 13) wherein load resulting from preliminary experiments is plotted in 
teims of the quaiitity of accumiiikted nitrogen. The nitrogen quantity estimating section 
12 stores the eistimated nitrogen qiiaiitity Valtie in a given memory region to allow the 
purge operation, calculating section 13 to refer to the estimated yaliie of the quantity of 
accumulated hitedgen in S22i. 

Next, the piirge operation calcu^ executes purge operation depending 

upon the estimated nitrogen quantity derived from the nitrogen quantity estimating 
section 12 in accordance with a flowchart shown in FIG 14. First, in S26, 
discrimination is made to find whether the purge valve 6 is ppened or closed. If the 
ptirge vaive 6 is dosed, then jtidgment is mide that the purge operation; remains in a 
stopped state, and operation is routed to S27. If the purge valye 6 is opened, then 
operation is routed to S31. 

In S27, discrimination is made to find whether the estiiiiated nitrogen quantity value 
derived from the nitrogen quantity estimating section 12 exceeds a given vduie 3. If the 
estimated nitrogen quantity value is found to exceed the given value 3, operation is 
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routed to S23 where the ptirge valve 6 is' bppned. H, in judgmeDLt in S27, the estimated 
nitrogen quantity yaltie is found to be less the given yaliie 3, operation is routed to S29 
where a ClpSfe^^ 6 is maiiatained. ; ; 

On th^ other hand, discrimination is made in S31 tp find whether the estimated 
nitrogen quantity derived from the nitrogen quaiitity estimating sec^ is less than a 
giyen yalue 4 (givM yalue 4 < given value 3), and if the est jta nitobgen quantity is 
less than the gi^ S32 where flie purge va^^ closed 

to terminate puige o^ in juxigip^ ii^ §31, th?f esiimate^; 

maintained in an 

y^e^ 3; and c4 ^i^^ in iFI&;^15, Aji upper 

lm\t of the qij^ 
linqu^ 

cell Vo^a^ to lie &e given value 3, and a mfeian valne of thje qua^ of joitrpgeil 
; thai is jgi^)^ usaJble ram^ td be jhe giyen 

• =^]Wit]K t]^^ piir|e^6i^^ 

the estimated ^^n^^^ advantageous effect resides ih^t^^ easy to 

Siptatin^ - v'^ 

^■^Ftoufth:l^^ • ^ ' -y ■•'>^ - ''"v ' ^•■T-v'^ ri ^ - 

Re^r^ c^U system lOOC of a fourth 

•in^ bf 
1the fu^l celi 1 having the; 1^ electrode lb, the 

* liydrbgen gas supply passsage 2 tlnough wW<^^ ttie hydrogen 
electrode laj ti^^ fOiming the path thirough which 
hydrdgeh : gas is drculatei from th^ outlet of the Jhydypgen electrode la Jtp; tlie inlet 
thereof, the- hydjrogein cirbulatjion: dey^ 4 uicluding tiie pimp thait circulate^ hydrogen 
gas from the putl6t of tiie hydrogen la to the iidet ther»^^ the 
hydrogen circulation passage 3, the purge passage 5 through which the hydrogen gas 
circulation passage 3 is in cominunicatipn with the outsidp, the purge valve 6 that opens 
or closes the purge passage 5, the load detector 7 that de:tects load of the hydrogen 
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circulation device 4, a piifge valve controller 8C that contrdls to open or close the purge 
yalve 6, and ai hydrogen concentratioi detector 14 that detects a hydrogen concentration 
at a downstream of the piffge vilve 6. 

The load detector 7 detects load of the hydrogen circulation device . 4 in terms of 
torque detected by the torque sensori and electric power consumption and electric 
current consumption of the hydrogen circulation device 4, and the detected value is 
outputted to the purge valve controller 8C. 

Hie purge valve bbntroller 8C is comprised of the purge start control section 9 that 
controls piirge-start base^d On load of the hydrogen drciilatioii device 4 detected by the 
load detector 7, a purge end control section 15 that controls purge-end based bn the 
detected result of the hydrogen concentration detector 14, and the conimand selector 
section 11; The purge start control section 9 and, the^ selector seetion ll are 

;the saine component parts as those of therseeemdlea^ shoAYii in FIQ^&c^F r - ^ ' 

Although, there are many cdtdEiguration of the controller 8C, for example, in the 
-prbsehtly filed embod-iment, the purge vialVe coidtroller 8G is comprised of a 
::mid:ppr6cesso^ kdtiding a dPUj avROM that Stores prbg^ md Control constants, a 
RAM for prdcteslin^ and an I/O interface; Additionally, the load detector 7 (an input 
itnil) and the purge Valve 6 (an output unit) are cdnjaected to the controller 8C 
accordingly. 

Referring to FIGS. 17 arid 18^ the operation of the purge y,alve controller 8C of the 
presently filed ernbodimerit is described. 

Also, in the presently fiied embodiinent, the purge start control section 9 and the 
coroniand selector section 11 operates in the same manner as those of the second 
embodiment arid, so, description of these component elements is oniitted herein, while 
description is made of the hydrogen concentration detector 14 and the purge end control 
section 15 that are different from the second embodiment. 

Referring to FIG. 17, a hydrogen concentration detected by the hydrogen 
concentration detector 14 is inputted to the pxirge end control section 15 in S30. In 
succeeding S31, discrimination is made to find whether a hydrogen concentration value 
inputted in S31 exceeds, a given value 5. If in judgment in S31, the hydrogen 
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conceipitratipn v^^ exceeds the given value 5, then judgment is made that discharging 
of imjpurities from the hydrogen ciicaiatiqn system has been terminat|ed, and operation 
is routed to S32 where the purge valve 6 is closed to. teraiinate th6 purging. Also, if iii 
judgment id S31, the h^ lefss than the given value 5, tiien 

the purge end control section 15 continues discharging of irnpiirities from the hydrogen 
circulation system, and oj^eration is routed to S33 where the purge valve 6 is kept open^ 
tocqntume^lhepur^ . , -^^ ■^ ^ ■■■■:\ ' y - ' ■ s ' ^ 

, A^ of seydra^ Cm?} to several 

seconds Cs] ;:occm^ 

detector 14 ^Gi cpp^ pujgi^ is at 

whidi the hyd^ gr^Pfe 

FIG 1:8 r^ liitrogen conc(Katration^^^^r^ 

mfito^^^nbm^ estiiiiated from : 

This grajph dei^^ 

p^bi^ to the>]^ begins^: l^?X!y^ 
aii^ %hen 
Aa'giyeii'a)^^ -:y , ^•;■vv : [ " '' 

' 1^ upon preHimma^ 

associated with a hydrogen oufflpw cbu^ restdting from tt^^^^ i? recorded, 

and an allowable niixogen conceiitration is ^ dis<iovered. A.ccordingly^ with 

the presently frpled embodiment, a witji 
the allowable m 

With ttie presently pbd ejpja^bodim 6 is closed dependi^^ 

upon a quantity of artual outflc^^^^^ hydrpgefri resultijig from the. p 
ady^tageous effe^ci^^^ <>utflpw hydrogen yarip? 

in depehdence on environmental variatipni the, quaiitity .of outlfow hyjSrpgen" can be 
liinnnized while rd^^ , . . 

CFifthEmbodim^^^ ' ^ :■ 

The first to fourth embodiments set foxth above have been described with reference to 
an example where electric power output (hereinafter referred to as stack power oiitput) 
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generated by the fuel cell stack is constant. Jix actual practice, target load associated with 
stack power output differs in dependence on a variety of conditions. Hereunder, a fifth 
embodiitibnt is described in cohjuhctibn with an exsflnple Where such conditions are 
taken into coiisideratibn; ' 

5 Referring to FIG 19, a fuel cell system lOOD of a fifth embodiment of the present 

invention is described. As shown in FIG 19, the fuel cell system lOOD is comprised of 
the fuel cell 1 haying the hydrogen electrode la and the oxidant electrode lb, the 
hydrojgen gas .supply passage 2 through which hydrogen is supplied to the hydrogen 
electrode la^ the hydrogen gas drculalion passage 3 f orining the path; through which 

10 hydrogen gas is drciiiated from the outlet of the hydrogen elecfat)de la to the inlet 
thereof, the hydrogen dirculatio6 device 4 including the piiinp that dfciilates hydrogen 
r -4 c ^^^i:^ fit^ outlet of tiite ?^ elefcfrdde la to the : idlel thereof tlu^^ 

purge passage 5 through wl^^ 
chcuiation passage 3 is in communication with the outside, the purge valye 6 that opens 

15^^ v : O the piirge passage 5, the load detector 7 that detects load of the hydrogen 

- - ■ circulatioh device 4, a stack power output calculating seetioii 16 that calculates electric 
power outpiut generated by the fuel Cell 1" a hydrOjgen-dfculation-deViGe target 
rotational speed calculating section 17 that calcsulates a tidrget rotational siieed of the 
hydrogen circulation device 4 dep^iading upoii Caldulited electric power output, a 

20 hydrogeii-circulatibn-deyice target load calculating section 18, that calculates a target 

load of the hydrogen chculation device 4 depending upon calculated electric power, 
output, and a purge valve controller 19 that controls to open or close the purge valve 6 
depending upon the target load of the hydrogen circulatioii unit 4 and the load of the 
hydrogen drculation umt 4 detected by the load det^^ 

2 5 The load: detector 7 detects load 6f the hydrogen circulation device 4 in terms 6f 

torque detected by the torque sensor^ and electric power consumption and electric 
current cbnisumption of the hydrogen Circulation device 4, and the detected value is 
outputted to the purge valve controller 19. 

Although no specific limitation is intended in the presently filed embodiment, the 

3d stack power output calculating section 16, the hydrogen-circulation-device target 



wo 2004/1Q5165 ; PCT/JP2004/005158 

rotational spebd calculating section , 17, the hydrbgenrdbrci4ation-de>d^ 
calcxiliting : sectiok 18 aad the purge valve qontrollef 19 are : cditfpiised pf a 
inicroprocessot i^clti^ding GaP0, a ROM 1^ stores progrms ai^^ qonljol constat a . 
RAM for processing, and ad I/O inteifa^^^^ the lo^d deteetbf 7, W as an. 

in^piit unit, and^^ t^^ 6 that serye^ ais an output unit are c^)nnected to t^^ 

'iniarpprocessptj respectr^ -'^'■■■'-i ' V-'y' V;'y ^ 

Tlie stack power- output calculating. s^^^ serves as a 

caiciilatipLg section that Computes electric power outp^^ cury^tly geneyafe^^^^ 
An el^ctrib cippeht vkliie and a voltage value of efe^ PiJtp^t getierate^ by tjie 

cfiiel cell 1 : are applied to the caic5Ul|a^ by:; whidh 

: mujtj^ 
V ' As s^^ 

gipjidra^^ andthe: ta^el^^^ 

frpiii exp 
A^ 

vcal^^ the; target itrtatipnaiyisij^^ 

pdw^ biiti^ graph of- 

Als^ as shown m the W th(B;ta3;gf^ rotati laiid 

the target load are prehniinar^ ^xp^eriments^^J^^^^ 

Next, as shown in HG. 22, the hydrpgeh^circijl^^ calculatiuig 
sectioia l^;deten^ load, associated with, the target rptatipn^ si)ee4 derived in 

S37, by referring to. a gra^ph Of Bid ;22v ^retpfoje ni^ntipned, 

target loads Wspciit^ ■ w^ currj6nt of electna Ptttp^it geneyaited by the 

fiiel cell 1 ate pbtaib^ 

; Nexti ppenih^ m valve 6 aire cpnttpUed depend^ a 

flowchart of the purge valve cpntroller 19 shown in FIG 24. In S44, discriminatipn is 
• inade to find the opening and cloising states of the pxirge valve 6, and if the purge valve 
6 is foimd to be open, judgment ij^ made that the purging is iinder operation ai;d 
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operatibn is routed to S48. If the purge valve 6 is closed, judjgtnent is made that the 

purgiag is interrupted, arid operation is routed to S45.^ ^ ^ 

In S45, disOTmination is made to find whether load of the hydrogen circulation 

device 4 detected by the load detector 7 exceeds a value of target load + giyen value 6. 

If , detected load exceeds the .value of target load + given value 6, operation is routed to 

S46 where the purge valve 6 is opened, and if not, operation is routed to S47 where the 

jpurge valve 6 is closed. 

In S48, discrimination is miade to find whether load of the hydrogen circul;ation 

deface 4 detected by the load detector 7 exceeds thb value of target load + given value 7. 

If detected load exceeds the value of tarjget load + given value 7, operation is routed to 

S49 where the purge valve 6 is closed^ aid if not, operation is routed to S50 where the 

purge valve 6 is opened. ^ ■ '- - ■ ^ - r^^-r^^,: r-- - 

FIG 25 shows the'rel^tSc)iiShi|>^l^e the given value^^^^^ the^^^ value 7. The 
given value 6 is nieant the load asspdated with the fuel cell voltage that i^ lowered by 
an allowable drop margin \Nath respect to a reference of the fuel ce^ voltage at the target 
load that is determined in S40, Also, the g^veii Value 7 |s detennined ias a finite 
difference between the target load, that is detennined iii S40j and the 
hydrogen-cfrculatibn-device load on which a timing to terminate the purging is 
experimentally determined. 

Also, while the quantity of nitrogen appearing at the tiarget load that is determiiied in 
S40 ilearly zeroes, in actual practice^, the ptirging is terminated before the target load is 
reached as shdWil in FIG 25. Wheii contimied to execute the purging until the target 
load is reached, there is at fear that the hunting phenbmeiipn occurs because of various 
cohditidns such as constants of the hydrogen circulation system as described in 
connection with the first embodiment; Therefore, the giveA value 7 is provided as a 
parameter for tenninatmg the purgirig before the target load determined in S40 is 
reached* 

\Vith the presently filed embodiment, even in case where the rotational speed of the 
hydrogen circulation device is altered in dependence oh stack power output, since it 
becornes possible to alter the purge timing depending upon the rotational speed, an 
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advautageous effect resulte in reduction in &e q^a^ 
vmavaflabl(& foT^ powei; 
^; {Sixth EitS^ > .o'^'/^^- 

Referring to FIG 26, a fuel ceU system ti sis^Jh embbdime^^^ 

invention is described. A stnictuxe of tibe pres^^^ the 
provision of a hydfogenrdrcid^ learning calcxflalib 20, which 

is; additionafl^ tite :sjtiiic^ the fifth ernbodinient shown in IT;G 1^^^ 

l^afning^t^ 4 
as a result Q^^ 

• ■ vOthCT as ^t^latf of ; t^^ 

cpmiipn^ 

RefOTfing t6 Flfl '^ 
septiotf^d, which^f^ 

is de$cnbech ^By '^T^arning" in the sixth e^ the 
fo^ t^^ 1^9 

learung t6 be^ e 

c^c^arfed c^cuiated Ipgd yahx^ lo^i 

■.cala^^edlpacjvaiu ;v ' \" v-v ' . ;vv;\-.;;^^ -o^ 

Referamg tp a m flpwchart shown in FIG 27/ a leanm pemiissibn cWscriiiiinatpr;: 
jsectibi (adeta^ bf vvd^ dpscaibedlat^^^^i^ tb 

pxeqate tt^e/ 1^ dejiending upon -re^^ of 

le^iiiim 

si^^ to succe §54, :th^ ivihie/ pf V ^isOTmi^ is 

diSciir^^ mtd it ^cy?lno pt leat^ ^P^^; ^ 1» 

operktibn is rputed to; a leai^ c^cid^iting s^^ 

value of leaming-pernjiissipn discarimination flag is equal to 0, no learniiig is pei?^ 
and operation is routed to an aftJearning target load calculating septionm 858* 

^ In the learning calculating section in S55, load of the hydrogen circulatipn device 4 is 
learned (in k manner as will be.describejd belpw m dptajl) and^ S56,:the 
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value of leamed-value-:alteration permission flag is discriminated: If the value of 
leafned-yalue-aiteratioii permission flag is equal to 1, operation is routed to S57 where 
the learned value is altered, and operation is routed to S58. K in disoriminatioii in S56, 
the value of leamed-value-alteration permissibn flag is equal to 0, no alteration of the 
learned value is permitted and operation is routed to S58. In S58, the target load of the 
hydrogen circulation device 4 subsequent to learning operation is calculated as will be 
described later. 

Referring to PlG. 28j the content of the learning permission discriminator section is 
described. In order to discriminate in S60 fo find whether the stack power generating 
status remains steady, disaiiriination is made to find whether a fluctuating inargin of 
electric power Output Pi continuously prevails in a value of El CkW] for given time 
kterval of 31^ if the fluctuating margin remains within El tkWD ,,then judgment is made 
; thatthe^earrdng ^i^ 

Further, while if Tl is set to be Jong, the leiarried value has an improved precision, the 
/^number of fi:equencies in which the learning is made decreases and, hence, Tl needs to 
be set to ah appropriate value on consideration of a balance witii respect to a parameter 
El. On the other hiand, Bl may be chosen to have the maximum value within a range 
that allows the fluctuatiiig margin affecting on leamirig calculation to be 
unquestionable. 

FIG. 29 shows transitive variation in tirrie of the stack power du^ut voltage (PI) 
during discrimination bemg executed (in S60). If in judgment in S60, the fluctuating 
margih of electric power outjput exceeds El CkW] , discrimination is made that nd steady 
state remains in the electric power generating condition and an unfavorable condition 
exists for the learning of load of the hydrogen circulation device 4 and operation is 
routed to S62 where leaming permission discdiiiinator flag is set to 0 whereupon in S66, 
leamed-^value-alteration penmission flag is set to 0 and operation returns. In the presence 
of the unfavorable condition fdr the learning of load, operation is executed to finally 
calculate the target load using the result whose learning has been already finished. 

If discriminate is made in S60 that the leaming is permitted, operation is routed to 
S61 where leaming permission flag is set to 1 and operation is routed to S63. In S63, 



wo 2004/105165 PCT/JP2004/005158 

21 

discrimination is made to find whether the fluctuating margin of stack power output 
remains in a given range, i.e., within a value of ± E2 CkW] for given time interval of 
T2 that forms a learning period. If the fluctuating margin falls in the value of ±E2 CkW) , 
then operation is routed to S 64 where disqriniinatiqn is made to find whether stack 
power output voltage remains in a value of ±E3 Cv] with respect to a level of stack 
voltage in ternis of the amdu^t of eleptric power output that is preliinmarily stored.^^ 
discrimination in 864, stack power output voltage remains in the given range, operation 
is rotiited to $ 55 where lea^ set to 1 ah(l operation 

rbtuins. If in my ^o^ discriminations i^^^ and S64j none pif flie fluctuating inaucgins lips 
in ti^^ operation is rotited to $62 and no leamin load bf tibie hydroge;n - 

■ cirralation^'de^ce 4 .-: :[ ■ --W .i'!-:;:;^/'.' '-^V-V 

"^-^ ex2unp stkdk voltage in re^speet of the 

^^^bunt of electric ^bW^ le^unnm 
; stadki.ybUage gt^^ ;:---:-.W-~v:-^"r^ - 

■ ^ E2 and E3 m iflj a riange tjiat ^ 

aUows &e fluctiiating;^^ of tii^ amount output 
voltage to ]be ui^uM 

-Nbid^ a -det2d^ of Ihe le^^^ in 

connection with a flowchart of FIG 34. Fust, load R CkW) of &e hydrogen ckqulatipn 
device 4 is detected in S69 and operatipn is executed tp count the nunibeff of times the > 
operatiPi is re^>M^te^^ ^ pbriod 

from S7D to S72 tp perfpnn equalizing Ppejration in S73, In subsequent S74, the learned 
value is calada^d and opera . 

FIG 35 is a: flowchart illustrating a detail pf equalizing operaUpn in S73. First, whra 
obtaining an ayefagb in Ipad at Nrnumber of times^ tp S7?, a 

product resulting^^ fr^^ a preceding hydrogen? mean value RAz 

and current hydrogen-circulation-device load R that are weight averaged with a yalue of 
N - i : 1 is assigned to be a hydrogen-circidation-deyice mem 

Likewise, in operations in S80 to S82, a mean value of target loads is obtained. And, 
operation is executed in S83 to calculate a finite differential DR between the 
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hydrogbn-circulation-device load ideadi value RA and the target load mean value RT, 
thereby teiminating averaging operatio 
FI(x 36 is a flbwchiart for iUustt^ operational content of the learned value 

calculating section in S74. The presently filed embodirbent takes a case where the 
5 hydrogen circiilatidn device 4 is deteriorated accompanied by an increase in load and no 
learned value is altered wheii the load of the hydrogen circulation device 4 decreases 
subseqiient to leaniing bperalibn^ ^ 

If the valufc lesultiag from learniiig opefatioh already finished in SiB6, i*e^, the learned 
valu6 $tbred in a load inicrbihent-by-area learned value table is greater than a value 
10 that is calculated in Current leiapdng dbinputatioii, iid alteration is ihade on the load 
inc^ment-by-afea learried value table aiis set forth above. When this takes place, 
• -operation is rbuted to S88 smd operatioii is terimri^^ without the learned value being 

Jtl contrast, if the learned value is greater than the value DR, then operation is 
15 : execute in S87 to alter the load ihcrement-bjr-area leiarned value table (see FIG 32) and 
^ operktiofl is tenhinated. Fptegding steps allow dbiniputatibn in S57 of FIG 27 to be 
temiinated, and operation is routed to S58. 

FIG 37 is a graph Wherein reispective valuiSfS of the Ibiarning table shown in FIG 30 is 
plotted on the abscissa and the respective values of the load increment-by-area learned 
20 value table shown in iFli3. 32 are plotted on the coordinate whereupon An (Pn, Di) is 
plotted thereby obtaiiung respective points Al and A2 through interpblatioii. 
) Next, rbferring to FIG 38, the. cbntent of computatibn to be executed by the 

aft-learning target load calbiilating section in SS8 is deiscribed. Ojperation is executed in 
S58 to calculate a target Ibad value of the hydrogeii drcidatlon device 4 based on the 
25 load iriCTeineiit-by-area learned value table bn which, the learned vialue resulting firom 
above learning comjiutation is reflected. Operation iis executed in S91 to calculate load 
increment-by-area referring to stack pov/cr output based on the graph shown in FIG 37. 
That is, in Fig. 37, load iacrement-by-area learned values Al to AlO are derived by 
using first values PI to PIO of the learning area table, shown in FIG 30, plotted on the 
30 abscissa ind second values LI to LIO of the load incremerit-by-area leamed value table. 
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shown in FIGL 32, plotted on the coordinate. \yh^^ the yalups Al to AlO are 
cbim^cted tp qnp another through inteipplaUpn to form: a ^aph shpwpi in FIG 37. From 
the graph showti^^^^i^^^^ i^^!^ V^^® ^ in teiinis of b^l 

ail^itrary stacdcppwer^o^ ;> 

Subsequently, operation is routed to 592 where oppration is executed to obtain 
^^^^^^ : a^^ target Ipad by pennitting a load increment v^^ to .be added tp target load 

: calculated in FIQ 26. The foregping stpps-^^^^^^.^^^^a^^ 

■Iiydroge^^ ^^^E^jctipn 20 ;pf..,F^ to bp 

10- ;^: /^vyalye PW^ val^ CQBi^tite i^ 

* v:v-'--v;-i!DiannCT .f>'-}^ ' '-'Y- ■ - 'i-^ . C"?/} ' 

V tM^t^^ yariatipfepo^^ 

between load aiid the ■ quantity ^of-ni^^ a result^of^yc^ in loati .of the 

: r hyc^ th^p£ siK^ can be 

; enrt^odiin fiicsl cejl, 

20 system lOOF is; coinprised of the fuel cdll 1^ hairing the hydrogen electipd^ 
; G?ddmteleetT^ 

?uppHed/Ap the hydr^ ftyiragen gas db«^ passage 3 fbrrriing 

^ :t V p^. to wluch ;h^^ cko^^ fipm^^^^^tt^^ pM?' ^P.^y^^ 

::;\y4^^^^ cirdris^ piimp 

25- i thait etoml^^ the Jby(3h^ inlet^ 

: thereof through t^^ th? piatg^ pa^l^ge 5 Uirough which, 

the hydrogen gasrcirculatidn passage 3 is in ctomtounication with the outride, the purge 
valve 6 that opens or closes the purge passage 5,: a rotational speed detector 21 that 
detects the rotational speed of the hydrogen circulatio^ device 4, and a purge valve 
30 controller 22 that cpntrois to open or close, the purge valve 6; , 
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The rotational speed detector 21 detects the number of revolutions (rotational speed) 
of tiie hydrogen circulation device 4 using a rotary encoder or a pickup cbilj and a 
detected value is ou^utted to the purge valve controller 22. 

Although no specific lunitation is intended in the presently filed embodiment, the 
purge valve controller 22 is cornprised of a microprocessor including a CPU, the ROM 
that stoxes programs and control constants, a RAM for processing, and an I/O interface. 
Furthermore, the rotational speed detector 21 (an input unit) and the purge valve 6 (an 
dutput unit) are cpimected to the purge yaly e controller 2Z accordingly- 
: 'The rotational speed detector 21 shown in FIG 39 detects the rotational speed of the 
hydrogen circulation device 4 ;that is . operated at . constant load, and the purging is 
contrbUed with the purge valve coiltroU^ 

- FIG. 40 is a flowchart for fllustrating <»n£rol operation of the purge v^ve controller 

- First in 894^ the rotational speed of the hydrogen circulation device 4. detected by the 
rotatibnal speed detector 21 is read in^ and discrimination is made in S95 to find 
whether the rotational speed of the hydrogen circulation devic6 4 exceeds the given 
value?, 

If the rotational speed exceeds the given value 8, then judgment is made that the 
discharging of impurities from the hydrogen circulation path has been terminated and 
mass of gas has decreased^ and pjperatibii is routed to S96 where the purge valve 6 is 
closed. If in judgment in S95, the rotational speed is less than the given value 8, then 
judgment is made that nitrogen increases inside tie hydrogen circidation path and 
opetation is routed to S97 where Uie purge valve 6 is opened. Also, the given value 8 
may be set to include the rotatibnal speed of the hydrogen circulation device 4 at which 
electric power output gienerated by the stack begins to drop when the quantity of 
nitrogen is caused to increase in the hydrogen circulation device 4. 

According to the presently filed enibodiment, even with the fuel cell system lOOF 
equipped with the hydrogen circulation device 4 that is operated at constant load, it 
becomes possible to reduce the unwanted number of times the purging is repeated. 

[Eighth Embodiment] 
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A fael cell system lOOG of an eijghth embodinlent according to the. present invention 

■ is desqribed v^th r to FIG 41. i^eferniig to FIG 41, the fuel cell System lOOG is 
comprised of the fuel cell 1 haying the hydrogen eleqtrdd(B la and ihp oxidant elpctrb^e 
lb/ the hydrogen gas supply passage hydrogen is supplied to the 

5 hydrogen eiectrode la, the hydrogen gas circiilation passage 3 foimiAg th^ 

ANtoih hj^g^ 1^ js from the <>ttifet pf ih? hydrogen electrode li to the 

inlet thlwM^ : [ 

hy^drogen gas fro^^ 

lie hydrogein circulation pMsa^e Sy^^^^t^^^ purge passage 5 tSioug^ whidbi t^e 1^^ 
Id :i / cbrculatipn pMsa^^ in commftmcati^ outside, the pyrge yalve^^^^^^^ opens 

OT closes fihe pxixg^ passage 5, a pye^^ tihaA djertec^ m 

. Jr. close tibtepm^ ^ ; :r r:/^^^ : 

( V ^ PThe 

. IS -ri ^^fectric^y. det^^^ of a 

•■^•:Tr'diaj^^ . ; ' • 

Althougk no s^ fipie4 epibodlm 

■ ' purged vai^ ROfM 

that stdi;€S pirogra^ fdrprpces^i^^ a^ sui 

20 Additionall3^ t^^ ; 
' ^ the &re a^ deface 4 aM * 

output uiut) are ci)i^ . 
FIG 42 is a flowphstrt f or iUustrktmg qdntrc^^^^ operation of the purge valye (ppntrojler. 

: :24/ Firs^^^^ 4 
25 deiepted m S?^^ deteptgr 23 is reaid in^ Siibs^uenfty, 

made in SIPQ to find whetl^^ the fore a^^^ difference of the hydrogen 

circulation device 4 exceeds the given Value 9. . ' 

If the fore and aft pressure difference e^cceed? the given value 9, then judgment is 
made that nitrogen inside the hydrogen circulation path has increased and operation is 
30 routed to S102 where the purge valve 6 is opened. If the pressure difference is less thian 
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the given value 9, operation is routed to SlOl where the purge valve 6 is closed. Also, 
the given value 9 niay be set to kclude a fore and aft differential pressure of the 
hydrogen circulation device at which electric pbwer output generated by the stack 
begins to drop when the quantity of nitrogen in the hydrogen circulation device 4 is 
caused to increase. 

With the presentiy iSled embodiment, an advantageous effect resides in that merely 
additional provision of only the pressure detector 23 that can be easily installed enables 
load of the hydrogen circulation device 4 to be detected for executing purgmg control. 

tNinth'EmbodimentD • i . 

A fuel cell systein lOOH of a niiith embodiment according to the present invention is 
described witii ref ereibe to FIG 43. Referring to FIG 43, the fuel cell system lOOH 
comprised of the fuel ceU I having the hydrogen electrode la and.the oxidant electrode 
lb, the hydrogeii-^^gas supply passage 2 through which hydrogen is supplied -to the 
hydrogen electrdde la, the hydrogen gas circulation passage 3 forming the path through 
which hydrogen gais is cifcuiatgd frbni the outtet of the hydrogeii electrode la to the 
iblet .thereof the hydrogen chrculatipn de\ace 4 mcluding the puinp that circulates 
hydrogen gas fifoii the oiitiet of the hydrogen felectrode; la to the iiflet thereof through 
the hydrogen circulation passage 3, the purge passage 5 through which the hydrogen gas 
circulation passage 3 is in connhurdcation vath the outside, the purge valve 6 that opens 
of closes the purge passage 5, the load detector 7 that detects load, of the hydrogen 
circulation device 4, a pressure detector 25 that detects pressure in the hydrogen gas 
siipply passage 2, and a purge valve controiler 8H that controls to open or close the 
purge valve 6. . 

The load detector 7 deteicts load of the hydrogen circulatiori device 4 in terms of 
torque detected by the torque sensor, and electric power cbnsmnption arid electric 
current consumption of the hydrbgen circulation device 4, and a detected value is 
outputted to the purge valve controller 8H. 

The pressure detector 25 comprises such as the serniconductor pressure sensor or the 
thick film pressure sensor whereby electrically detect distortion of the diaphragm to 
conyert it to pressure. 
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Although no specific liimtati^ intended in the presently filed embodiment, the 
purge vdve coritrolier 8H^ mifcira>prpCM$or including a CpU, a RC)M 

that stores progrsLms and control constsuals, a RAM for jprocessing;, and a I/O interface. 
Additionally, the load detector 7 and the pressure detector 25 both of which serve as 
5 . inj>ut unit$ and the purge valve 6 (an output unit) are cgnnected to the purge valve 
• conti^^ 
1^ 

: detects pr^^ supply ,pas^^ 

pressure of the hydrogen drip^ and detected; pressfure is w^fedf^^for^ 

Id V pressure inside' t^^ circulation path >vhereby a giveji'lo^^^^^^^ of the 

^ hydrogen circW^ devite 4 for discril^in^^^ whether to start or; terininate the, 
purging in de^ 

- - : : n 
15 - ^.E^^ 

^ ;i ^ ^/;efec|ida^ hydK>ge^ As 
stovra in G 44 j 

pjth^^^^ passages^ itiis reisults>m of; 
. t the hydrogen cirgula^ion^ d^^ ^d, ' jKto^ a d^ity : of h^ 

20 ^ tluough the hydrbgen devipe 4 i^CT0?lse^^ \^ of ; 

' hydrogen circulation 4^ 4 ?nd oddet pressure fliereof vaiies shown in FIG, 45. 

i^ierefore, a pprrediye component (ai pfiGset) as shown in HQ. 45 is .addeid in siu^ 
- to the; given value for use in load pf the: hydrogen circidatjipn;; device 4 in 

25 the presently ffl^ einbpdfirnent.^^^^ meant the is used 

for discriniinating whether to open or clojse thp p;urge yialye 6. in a inaimer ias shpwi^ in 
S2 in FTG 2. This enables control to be execJuted to open or clpse ti^^ valye:6 by 
excltidmg influence caused by fluctuation, in load of the hydrogen circulation device 4 
resulting from variation in hydrogen supply pre^^ 
30 With the presently filed embodiment, it becomes possible to reduce the number of 
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times the purging dpetatidn is repeated eyejii in the fiiel cell system where hydrogen 
supply pressure is altered depending upon operating conditions. 
CTenth Embodiment^ / ^ 

A fuel cell syjstem 1001 of a tenth embodiment according to the present invention is 
desdibed with reference to FIG 46: As shown in FIQ 46, the fuel cell system iOOI is 
cbmprised of the fuel cell .1 having the hydrogen electrode la and the oxidant electrode 
lb, the hydrogen gM supply passage 2 through which hydrogen is supplied to the 
hydrogen electrode la/ the hydrogen gas circulation passage 3 forming the path through 
Which hydrogen gas is circulateid from the outlet Of the hydrogen electrode la. to the 
inlet thereof, the hydrogen circulation device 4 including the pump that circulates 
hydrogen gas from the outlet dif the hydrogen electrode la to the inlet thereof through 
the hydrogen circulation passage the purge passage 5 through which the hydrogen gas 
ciix;ulati6ii;pass[age^^3^ purge valve 6 that opens 

or closes liie piirge passage 5, the load detector 7 that detectis load pf the hydrogen 
ciifetilatiori device 4, a temperature detector 26 thait detects a temperature of the 
HydttigesQ gas circulation ^passage 3 or an aimbieht temperature, and a purge valve 
confroUer 81 that cohtro^^ . 

The load detector 7 detects load of the\ hydrogen drculation d^^^ in terms of 
torque detected by the torque sensor, and electric power consurdpti^ and electric 
current eonstmiption of the hydrogen circulation device 4, and a detected value is 
outputted to the purge valve controller 81. 

Although no sped£i6 limtation is intended in the presently filed embodiment, the 
purge Valve cOiitroller 81 is comprised, of a microprocessor including a CPU, the RQM 
that stores programs and control Constants, a tlAM for processing, and an I/O interface. 
The load detector 7 and the teriiperature detector 26 both of which seive as input units 
and the purge valve 6 thit serves as aii output tmit are connected to the valve controller 
81 accordingly. 

The presently filed embodiment serves to operates such that steam partial pressure, 
prevailing in the hydrogen circulation path, fluctuating depending upon the temperature 
of the hydrogen gas circulation passage is taken into consideration and the temperature 
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of the hydrogen gas circulation passage or the aunbient temperature are detected to alloW 
resulting detected temperature to be^ used tor corrodting value to be used for 

disc3±runating loi^^ 

As shown m FIG 47, as flie ambient; teraperature: increases, steam partial pressure in. 
eihaust hydrogen humidified. in tha^h^ la iiicrease^, Tl^ in an 

increase iipi a gas density in pr ^^ pressw of the hydrogen qrcula^ 
the amount 6f work to ; b^ done by the hydypgen circul^ti^ 
ITierefore, t^^ relatidnsMp; between Jo ^ey^ce 4 a^nd steam 

partial pressure varies as shown i^^^ FJCI 48. prdpy to .e?^^ 
fhK^iatipn iu steam paus^Jpy yanatiaqy^vi^^ 

the jhnge ya^ corre<?tivfe' coi^ is 

wadded to the^g^ y^ue to be use^ givCT^ 
yaiue, bpex?ili^ ^ 
^ m Bs JshQ>yn b^^ in ¥1(1 2; 




thfc; t^npe^^ in^ja&iA 
jdu^latipn^ feiieni^ tydrog^ 
circidatipn device 4 can be e^tc^^ dbirectipiiy it^b^^ 

piunber ot ; ; ■ ' 

INDUSTOALA^ ^^^V V ^ ^ 

: According to the present. inyentipri, .s^^ the pwging can be performed depending 
upon an amttimt mtepge%: that is icci^ 
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CLAIMS 

1. A fuel cell system comprising: 

a fuel cell body having a hydrogen electrode and an oxidant electrode supplied with 
hydrogen gas and oxidant gas, respectively, for generating electric power; 

a hydrogeii supply passage supplying the hydrogen gas to an inlet of the hydrogen 
electrode; 

a hydrogen circidatipn passage ckciikting exhaust hydrogen gas expelled from an 
outlet of the hydrogen electrode to the inlet of the hydrogen electrode; 

a hydrogen circulation device through which the exhatisit hydrogen is circulated; 

a pmge passage dischaargmg t^^^^^^ hydrogen gas expelled from at least one of 

the ptiilet of the hydrogen electrode arid the hydrdgen^^c^^ to an outside; 

"' a piir^ vilve openirigTdr closing the piirg6TE)iussS|^ '■' * y,'^■:^^.^M^^:^rr - 

^piirge valVe contfonef ro^ to open or close the purge valve depending upon 

at l^t one of load of and rbtationM sp^ 

2. Thfe fuel ceU system acx^rding to 

a load detector detecting the load of the hydrogen circulaition device; and 
wherein the purge valve controller controls the purge valve based on operating load, 
detected by the load detector, of the hydrogen circulation device during steady operation 

thereof Which is non-transitionali 

' . ' . ' ■ '\ ■ • ' 

3\ The fiiel cell system according to claim 2, wherein the; ptirge valve controller 
includes: . 

a purge start control section executing control such tiiat (Uscriminatibii is made that 
nitrogen concentration in the hydrogen circulation passage inoreases when the operating 
load detected by the load detector exceeds a first given value, thereby opening the purge 
valve; arid 

a purge end control section eiecutmg control such that the purge valve is closed when 
the operating load detectfcd by the load detector decreases below a second given value 
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lessthaaf^ . * ^. . 

4, The fuel cell system according to claim 2,; wlieirein the purge yadve^^ 
estipjates a quantity pf nitrogen preyajling in the hydrogen drculation passage 
depending upon a detected r^ult of the Ip^ the 
pittge vaJ;^ m response to ^['. " -riy. / ; ... 

^ The fuel ce^^ ':■ r , 

a hydrogdn <^i^ d€^cti^^ c^ncepitration^^^^^^ 

proximity to ah outlrt <rf.the.p 
>^ piifgerv^ve 

vcdtosec^^ 

a jkyvwr Qtitpiit ba)^ $ectidn^ eleij^WQ ppv^ generated l?y,Jflie 

■foel ceU-body;V-^:--\'v^^;:^-^^ •yIr-;->;;; :-v-7-..>"\.,.-.v^,,; ..; 

a hydrogen-circulation-d calculating a 

tarjget?rp^ ofithe hyd^^ basied; 

butputicalc^ ^rryr'^'y ^'k : 

a hydK)gen-circula]^on-deyic^ target load calc^lating jsectioja c^ a target lo^d 

of the hydrbgeii ciiculatio^^ by the 

jiower output Qsdculating s^ . ^ . 

7; The fuel ceU system accor to claim 5, wh^^ iPWge valve controller 

■'comprises:,' "• ' /y' ■ ■ 

a load learning calculating section learning the presence of an increase, in steady load 
resulting from secular variation 

a hydrogen-circailation-de^^ target Id^ calartating section qalc^lating a target load 
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of the hydrogen cdrculatioii: device based on a learned steady load and a power output 
generated by the fuel cell body. 

8; The fuel cell system according to claim 1, further comprising: ' 
a revolution detector detecting a rotational speed of the hydrogen circulation device; 
and 

wherein the plirge valve contfollei' cpntrdls the purge valve based on the rotational 
speed, detected by the revolution detector, of the hychbgen circulation device operathig 
uinder a constant load. 

9. The fuel cell system according to claim 1, wherein the purge valve controUer 
controls the ptuge yalye bs^ed on a pressure difference between fore and aft areas of the : 
hydrogOT <Arcul£ttiotf€iBvice/ - - ^ . 

10. The fuel cell systeiin aocording to claim 1, wherein the piirge valve controller 
Cbriects at least one of an openmg timing arid a^ closmg timing of the purge valve based 
on variation in supplied hydrogen pressure. 

11. The fuel cell system according to claim 1, wherein the purge Valve controller 
coirects at least one of an bpeiiing timing and a closing timing of the purge Valve based 
on at least one of a temp^tatiire of supplied hydrogen and an ambient temperature. 

12. A fuel cell system comprising: 

a fuel cell body haymg a hydrogen electrode arid an oxidimt electrode supplied with 
hydrogen gas and oxidant gas, respectively, for generating electric power; 

a hydrogen supplying means for supplying the hydrogen gas to an mlet of the 
hydrogen electrode; 

a hydrogen circulation means for circulating exhaust hydrogen gas expelled from an 
outtet of the hydrogen electrode to the inlet of the hydrogen electrode; 

a hydrogen circulation passage through which the exhaust hydrogen is circulated; 
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■ K a. purge passage dischtaxging the exhaust hy(lrogen gas; ex^jpeUed from at le^ast one of 
' the outlet of the hydrogen eiectrode aiicl th? hydrogen circulatioii mpans to an outside; 

a purge valve for opeimg or cio^^ 
/ a purge valve control means for w dpse ; the purge valve 

5 depending upon at Ip^ 

:iheans;- <'""■*• ■"' V 



; ; 13.;A Diet^ 
. hy 

10 ■ . \:£ra3Dpi'<bb piutfgevalyc^, ' :\ • -> (: ''^:'r^'<\ 

• * •. ' - ' device;'aridv^ ^ - ^ y,-;. ' " ^•''f^^^'':"^^!- 'f^""; fc>':'^-\;v^f;;-^W .-^^ / V 

^^^^ " ([ 
i5^'^;^>;*'^lo^'aiid;tih^es^ "^-^h^'-' :^">\'K :^;^•'^V■^•:v■.'/■-^^"^^^^ " K . ::■ 
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